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[57] ABSTRACT 

Compounds, 13-dihydro-l-{1-[piperidin-4-y11piperidin-4 
y1}-2H-benzimidazol-2-ones and 1,3-dihydro-1-{4-amino 
1-cyclohexyl}-2H-benzimidazo1-2-ones and derivatives 

, thereof, their preparation, method of use and pharmaceutical 
compositions are described These compounds are endowed 
with antimuscarinic activity and are useful in the treatment 
and/or prevention of myopia (commonly known as 
nearsightedness). 

9 Claims, No Drawings 



5,691,323 
1 

MUSCARINE ANTAGONISTS 

BACKGROUND OF THE INVENTION 
This invention relates to control of ocular development in 

general and, more particularly, to the treatment of the eye to 
prevent and/or arrest the development of myopia 
(nearsightedness). Approximately one of every four persons 
suffer from myopia, i.e., an elongation of the eye along the 
visual axis. In particular, myopia atflicts 10% to 75% of the 
youth of the world, depending upon race, geographic dis 
tribution and level of education. Myopia is not a trivial 
maldevelopment of the eye. In its pathologic form, the sclera 
continues to grow and as result the retina stretches and 
degenerates resulting in permanent blindness. 

Inheritance, environmental forces such as diet, sun intake, 
and substantial eye use, etc., are but a few theories that have 
been postulated to explain the on-set of myopia. In that 
regard, preventive measures such as eye rest, eye exercise, 
eye glasses, contact lens and drug and surgical therapies 
have been proposed. However, these measures are neither 
ideal nor risk-free. The surgical therapies (e. g. corneal 
surgery using excimer lasers or conventional knives) 
attempted for this condition are drastic and often unsuccess 
ful. Moreover, neither of the therapies (excimer lasers or 
conventional knives) are easily reversed or su?iciently pre 
dictable in their results. Complications from contact lens 
Wear range from allergic reactions to permanent loss of 
vision due to corneal ulceration. Even with the complica 
tions associated with contact lens wear, there are roughly 24 
million wearers in the United States, with the number 
expected to double in the next 3 years. While eyeglasses 
eliminate most of the medical risks listed above, they are not 
an acceptable option as evidenced by the contact lens 
wearers who tolerate the frustration of contact lens wear. 

One particular drug therapy utilized in the treatment of 
myopia involves the use of cycloplegics. Cycloplegics are 
topically administered drugs that relax the ciliary muscle of 
the eye, which is the muscle that focuses the eye by 
controlling lens dimensions. The classic cycloplegic drug is 
the belladonna alkaloid atropine, available for over a cen 
tury. Atropine is a long-acting non-speci?c antimuscarinic 
agent that antagonizes the action of the neurotransmitter 
acetylcholine (ACh) at autonomic effector cells innervated 
by postganglionic cholinergic nerves of the parasympathetic 
nervous system. However, use of atropine, is impractical in 
that it causes mydriasis (increase of pupil size) and its action 
on the ciliary muscle to inhibit ocular focusing impairs near 
visual work like reading. There is strong evidence that the 
receptors in the iris and ciliary muscle responsible for the 
side effects of atropine are of the M3 subtype. Additionally, 
studies have shown that muscarinic receptors in the retina of 
a variety of non-human species are comprised of m1, m2 and 
m4 subtypes. Accordingly, a muscarinic antagonist with low 
m3 activity would be e?icacious in prevention of the devel 
opment of myopia without the undesirable side eifects 
associated with the use of atropine. 
There is now substantial evidence to linkthe posterior pan 

of the eye, speci?cally image quality at the retina and hence 
an extension of the nervous system, to the postnatal regu 
lation of ocular growth. There is signi?cant evidence of 
myopia in an eye that is subjected to retinal image impair 
ment. It has been shown that axial myopia can be experi 
mentally induced, in either birds or primates, in an eye in 
which the retina is deprived of formed images, e.g., by 
suturing the eyelids or wearing an image di?’using goggle. 
The experimental myopia induced in birds or primates such 
as monkeys mimics, in many respects, the axial myopia of 
humans. 
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2 
Thus, the phenomenon of an animal’s vision process 

apparently contributes to the feedback mechanism by which 
postnatal ocular growth is normally regulated and refractive 
error is determined. This indicates that this mechanism is 
neural and likely originates in the retina. R. A. Stone, et al. 
have found a method of controlling the abnormal postnatal 
growth of the eye of a maturing animal, which comprises 
controlling the presence of a neurochemical, its agonist or 
antagonist, which neurochemical is found to be changed 
under conditions during maturation leading to abnormal 
axial length. See U.S. Pat. Nos. 4,066,772 and 5,284,843. 
Therein it is disclosed that retinal concentrations of dopam 
ine were found to be reduced during such image deprivation 
and the ocular administration of a dopamine-related agent, 
e.g., apomorphine, a dopamine agonist, was found to inhibit 
or actually prevent the axial enlargement of the eye under 
conditions ordinarily leading to such enlargement. 

There have also been recent advances made in the under 
standing of the cholinergic nervous system and the receptors 
thereto. Cholinergic receptors are proteins embedded in the 
wall of a cell that respond to the chemical acetylcholine. 
Particularly, it is now known that the cholinergic receptors 
are subdivided into nicotinic and muscarinic receptors and 
that the muscarinic receptors are not all of the same type. 
Recent literature indicates that there are at least ?ve types of 
cholinergic muscarinic receptors (types m1 through m5). 
Receptors of type m1 are those present in abundance and 
thought to be enriched in the brain neural tissue and neural 
ganglia. The other receptors are concentrated in other tissues 
such as the heart, smooth muscle tissue or glands. While 
many pharmacological agents interacting with muscarinic 
receptors in?uence several types, some agents are known to 
have a major effect on a single type of receptor with relative 
selectivity and other agents can have a relatively selective 
eifect on a different single receptor. Still other agents may 
have a signi?cant effect on more than one or even all types 
of receptors. 

It is known, for example, that Pirenzepine, (Gastrozepin, 
LS 519) 5, ll-Dihydro-ll-[4-methyl-l-piperazinyl) acetyl] 
-6H-pyrido[2,3-b]benzodiazepin-6-one, and its dihydro 
chloride are anticholinergic, antimuscarinic, and relatively 
selective for M1 receptors. See U.S. Pat. No. 5,122,522. It 
is also known that 4-DAMP (4-diphenylacetoxy-N 
methylpiperadine methiodide) is a relatively selective 
antagonist for smooth muscle (ordinarily called M3 type but 
variously called type M2 or M3, as the current classi?cation 
of receptors is in ?ux). Pirenzepine, being primarily an M1 
antagonist, inhibits axial elongation, but is far less etfective 
at pupil dilation than atropine or another cycloplegic agent. 
This makes it possible to suppress the development of 
myopia without dilating the pupil and paralyzing the accom 
modation activity of the ciliary muscle. Additionally, the 
administration of a drug topically into the eye of a devel 
oping child for a long period of time makes it desirable to 
have a minimal likelihood of sensitization of the eye. 
Pirenzepine and atropine test positive in sensitization assays 
and this is an undesirable side elfect. 

SU'MNIARY OF THE INVENTION 

This invention is concerned with novel 1,3-dihydro-l-{l 
[piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-ones 
and 1,3-dihydro- l-{4-amino- l-cyclohexyl}-2H 
benzimidazol-2-ones, their compositions and method of use. 
The novel compounds are selective muscarinic antagonists 
of the ml, m2, and m4 subtypes with low activity at the m3 
subtype. The compounds have good ocular penetration 
(bioavailability) when dosed as a 0.l-2% aqueous solution, 
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preferably a 0.5—2% solution. The compounds are eifective 
for the treatment and/or prevention of myopia. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The novel compounds of this invention are represented by 
the structural formula: 

H is hydrogen 
N is nitrogen 
O is oxygen 
S is sulfur 
P is phosphorus 
X, Y, and Z are independently=N, or CH; 
J is independently=NB or CB2; 
K is independently=NB, CB2, O, carbonyl, thiocarbonyl, 

sulfonyl, phosphonyl, NBCO, NBCO2, NBCBZ, 
COCB2, CONB, CO2, COZB, N132, NBCONB2, 
CB2COCB2, CB2CONB, NBCOCB2, or OB; 

W is O 01' H2; 

A is (CH2),,, (CBH),,, (CB2),,, C=O, or C=S, wherein 
n is 0, 1 or 2; 

n1,o&kare0, 1 or2; 
B is H, Me, Et, Pr, iPr, CHzOH, COZMe, COZEt, 
CH2CH2OH, CONH2, OH, NH2, NHMe, 

NMe2, OMe, OEt, CONHMe, or CONMe2 
Q is phenyl or heterocycle ring unsubstituted or substi 

tuted with Me, Et, Pr, Bu, hydroxyl, 
alkoxy, F, Cl, Br, I, alkylsulfonyl, phenyl or heterocyclic; 
D, E, F & G are chosen from: 

D E F G 

N CR N CR 
CR CR CR CR 
CR N CR N 
N CR CR N 
CR CR CR N 
CR CR N CR 
CR N CR CR 
N CR CR CR 

._ S _ CR CR 

CR __ S _ CR 

CR CR _ S _ 

_. 0 _.__ CR CR 

CR _ O _ CR 

CR CR _ O _ 

__ NR_ CR CR 
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4 
-continued 

D E F G 

CR _NR_ CR 

CR CR __NR_ 

_NR__ CR N 

_S_ CR N 

_S_ N CR 

CR N _ _ 

N CR __ _ 

_ __ CR N 

_ __ N CR 

Where: 
R is independently taken from H, small alkyl, branched 

alkyl, halo, alkoxy, OH, amino, dialkylamino, or 
lamino. 

The term heterocycle or heterocyclic, as used herein 
except where noted, represents a stable 5- to 7-membered 
monocyclic heterocyclic ring, which is either saturated or 
unsaturated, and which consists of carbon atoms and from 
one to three heteroatoms selected from the group consisting 
of N, O and S, and including any bicyclic group in which any 
of the above de?ned heterocyclic rings is fused to a benzene 
ring. The heterocyclic ring may be attached at any heteroa 
tom or carbon atom which results in the creation of a stable 
structure. Examples of such heterocyclic rings include 
pyridine, pyrazine, pyrimidine, pyridazine, triazine, 
imidazole, pyrazole, triazole, quinoline, isoquinoline, 
quinazoline, quinoxaline, phthalazine, oxazole, isoxazole, 
thiazole, isothiazole, thiadiazole, oxadiazole, pyrrole, furan, 
thiophene, hydrogenated derivatives of these heterocyles 
such as piperidine, pyrrolidine, azetidine, tetrahydrofuran, 
and N-oxide derivatives of heterocyles containing basic 
nitrogen. Any fused combinations of any of these above 
de?ned heterocyclic rings is also a pan of this de?nition. 
The term alkyl is intended to include both branched and 

straight chain saturated aliphatic hydrocarbon groups having 
the speci?ed number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl, Bu is butyl). 
The term alkoxy represents an alkyl group of indicated 

carbon atoms attached through an oxygen linkage. 
The term alkylamino represents an alkyl group of indi 

cated carbon atoms attached through a nitrogen atom link 
age. 



5,691,323 
5 

The term dialkylamino represents two alkyl groups of 
indicated carbon atoms attached through a nitrogen atom 
linkage. 
The term small alkyl is intended to indicate those alkyls 

with C1 to C4 carbon atoms, either branched or linear in 
connection. 
The term alkylsulfonyl represents an alkyl group of 

indicated carbon atoms attached through an sulfonyl (50;) 
e. 

The term halo as used herein, represents ?uoro, chloro, 
bromo or iodo. 
A preferred embodiment of the novel compounds of this 

invention is realized when, 

A more preferred embodiment of the novel compounds of 
this invention is realized when, . 

1) X=N, Y=CH, m=0_. A is not present, and D,E,F and G 
are CR where R is de?ned as above. 

The pharmaceutically acceptable salts of the compounds 
of formula I include the conventional non-toxic salts or the 
quarternary ammonium salts of the compounds of formula I 
formed e.g. from non-toxic inorganic or organic acids. For 
example, such conventional non-toxic salts include those 
derived from inorganic acids such as hydrochloric, 
hydrobromic, sulftnic, sulfamic, phosphoric, nitric and the 
like; and the salts prepared from organic acids such as acetic, 
propionic, succinic, glycolic, stean‘c, lactic, malic, tartaric, 
citric, ascorbic, pamoic, sulfanilic, 2-acetoxybenzoic, 
fumaric, toluenesulfonic, methanesulfonic, ethane 
disulfonic, oxalic, isethionic, and the like. 
The pharmaceutically acceptable salts of the present 

invention can be synthesized from the compounds of for 
mula I which contain a basic or acidic moiety by conven 
tional chemical methods. Generally, the salts are prepared by 
reacting the free base or acid with stoichiometric amounts or 
with an excess of the desired salt-forming inorganic or 
organic acid or base in a suitable solvent or various com 
binations of solvents. 
The compounds of the present invention may have asym 

metric centers and occur as racemates, racemic mixtures, 
and as individual diastereomers, with all possible isomers, 
including optical isomers, being included in the present 
invention. 
Examples of the novel compounds of this invention are as 

follows: 

1 ,3 -dihydro-1-{1-[l-(4-nitroben zoyl)pip eridin-4-yl] 
piperidin-4—yl }-2H-benzimidazol—2- one, 

1 ,3 -dihydro-1-{ l - [ l -(3 -nitrobenzoyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

l,3-dihydro-1-{1-[l-benzyl-4-piperidinyl]piperidin-4-yl} 
2H-benzimidazol-2-one, 

1 ,3-dihydro- 1-{ l-[ l-(3 -pyridinecarbonyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzirnidazol-2-one, 

1,3-dihydro-1-{1-[1-(2-pyridinecarbonyl)piperidin-4-yl] 
pipen'din-4-yl}-2H-benzimidazol-2-one, 

1,3-dihydro-1-{ 1-[1-(4-pyridinecarbonyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

1,3 —dihydro- l-{ l- [1-benzoylpiperidin-4-y1] piperidin-4-yl} 
2H-benzimidazol-2-one, 

1 ,3-dihydro- l-{ 1-[ l-(3 -pyridinecarbonyl)-4 
piperidinylmethyl]piperidin-4-yl }-2H-benzim.idazol-2 
one, 

1 ,3-dihydro- 1-{ l- [ l—(4-pyridinecarbonyl)—4 
piperidinylmethyl]piperidin-4-yl }-2H-benzimidazol-2 
one, 

6 
l ,3-dihydro-1-{ 1-[1-(2-furoyl)piperidin-4-yl]piperidin-4 

yl}-2H-benzimidazol-2-one, 
1 ,3-dihydro- 1 -{- [1-(3 ,5-dichlorobenzoyl)piperidin-4-yl] 

piperidin-4-yl}-2-H-benzirnidazol-2-one, 
1,3-dihydro- 1-{1-[1-(2,3,4,5 ,6-penta?uorobenzoyl) 

piperidin-4-yl]piperidin-4—yl}-2H-benzimidazol-2-one, 
1,3 -dihydro- l -{ 1 -[1-(3 -benzo [b ] thiophenecarb onyl) 

piperidin-4-yl]piperidin-4—yl}-2H-benzimidazol-2-one, 
' 1 ,3-dihydro- 1-{1-[1-(5 ,6-dichloro-3-pyridinecarbonyl) 
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piperidin-4-yl]pipe1idin-4-y1}-2H-benzimidazol-2-one, 
1,3-dihydro- 1-{ l-[1-(2-benzofurancarbonyl)piperidin-4-yl] 

piperidin-4-yl}-2H-benzimidazol-2-one, 
l ,3-dihydro- l-{ 1 -[trans-1-benzyloxycarbonylamino~4 

cyclohexylmethyl1piperidin-4-yl)-2H-beuzimidazol-2 
one, 

1 ,B-dihydro- l-{ l-[trans- l-phthalimido-4 
cyclohexyhnethy?piperidin-4-yl}-2H-benzimidazol-2 
one, 

1,3-dihydro-1-{1-[trans-4-phthalirnidomethyl-l 
cyclohexy1]piperidin-4-yl}-2H-benzimidazol-2-one, 

1,3-dihydro-l -{ 1-[1-(2-napthyl)piperidin-4-yl]piperidin-4 
yl}-2H-benzimidazol-2-one, 

1 ,3-dihydro- l-{ l-[l-(3,4-dichlorobenzoyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

l ,3 -dihydro-1-{ l-[1-(2-methoxybenzoyl)piperidin-4-yl] 
piperidin-4-y1}-2H-benzirnidazol-2-one, 

1 ,3-dihydro-1-{1-[1-(3-chloro-2-benzo[b] 
thiophenecarbonyl)piperidin-4-yl]piperidin-4~yl }-2H 
benzimidazol-Z-one, 

1,3-dihydro- 1-{ 1-[l-(2,4,6-trichlorobenzoyl)pipe1idin-4-yl] 
pipe1idin-4-yl}-2H-benzimidazol-2-one, 

1 ,B-dihydro- 1-{ 1-[1-(3 ,5 -dimethyl-4-isoxazolyl)piperidin 
4-yl]piperidin-4-yl}-2H-benzirnidazo1-2-one, 

1,3-dihydro-1-{1-[trans- l-(4-nitrobenzarnido)-4 
cyclohexylmethyl]piperidin-4-yl}-2H-benzimidazol-2 
one, 

1 ,3-dihydro- 1-{ l-[trans-4-ethoxycarbonyl- l-cyclohexyl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

1 ,3 —dihydro-1-{1 -[1 -(4-nitrobenzyl)-4-pip eri dinyl] 
piperidin-4-yl}-2H-benzimidazol-2-one, 

l ,3-dihydro- l-{ 1-[1-(benzyloxycarbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol-2-one, 

1 ,3-dihydro-1-{ 1- [trans-4-hydroxymethyl- l-cyclohexyl] 
piperidin-4-yl}-2H-benzimidazol-2-oue, 

l ,3-dihydro- l-{1-[1-(4-?uorobenzoyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

1 ,3 -dihydro- l-{1-[1-(4-bromobenzoyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol- -one, 

l,3-dihydro-1-{1-[1-(4-iodobenzoyl)piperidiu-4-yl] 
piperidin-4-yl }-2H-benzi1nidazol-2-one, 

1,3-dihydro-l-{ l-[1-(3 ,4-dirnethoxybenzoyl)piperidin-4-yl] 
piperidin-4-yl}~2H-benzimidazol-2-0ne, 

1,3-dihydro- 1-{1-[l-(5-nitro-2-pyridinecarbonyl)piperidin 
4-yl]pipen'din-4-yl}-2H-benzirnidazol-2-one, 

1 ,3-dihydro- l-{1-[trans-1-phthalimido-4-cyclohexyl] 
piperidin-4-yl}-2H—benzi.midazol-2-one, 

l,3-dihydro-l-{ 1-[1-(2-methoxy-4—a.mino-S-chlorobenzoyl) 
piperidin-4-yl]pipe1idin-4-yl}-2H-benzimidazol-2-one, 

1,3-dihydro- 1-{ 1-[l-(4-dirnethylarninobenzoyl)piperidin-4 
yl]piperidin-4-yl}-2H-benzimidazol-2-one, 

l ,3-dihydro- l -{ l-[1-(2-nitrobenzoyl)piperidin-4-yl] 
piperidin-4-yl }-2H-benzimidazol-2-one, 

l ,3-dihydro- 1-{ l-[1-(4-cyanobenzoyl)piperidin-4-yl] 
piperidin-4-yl}-2H-beuzimidazol-2-one, 

1,3-dihydro- 1-{ l-[ 1-(4-methoxycarbonylbenzoyDpiperidiu 
4-yl]piperidin-4-yl}-2H-benzimidazol-2-one, 
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1,3-dihydro- l-{ 1-[1-(2~pyrazinecarbonyl)piperidin-4-yl] 
pipen'din-4-yl}-2H-benzimida.zo1-2-one 

1.3-dihydro- 1-{1—[1-(3-pyridinemethyl)piperidin-4-yl] 
pipe1idin-4-yl }-2H-benzimidazol-2-one 

S-methoxy- l,3-dihydro~1-{ 1-[ l-(5-pyrimidinecarbonyl) 5 
piperidin-4-yl1piperidin-4-yl}-2H-benzimidazol-2-one 

\\ l/ \\ l/G (Compounds Ia) 
E-F E-F 

(11) (111) 

5~methyl- 1,3-dihydro- 1-{1-[1-(5-pyrimidinecarbonyl) 20 The reaction is preferably carried out at room temperature 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one (20°-30° C.) at a pH in the range of 2-7 (acidic) by the 

S-ethyl- l,3-dihydro-l-{1-[1-(5-pyrimidinecarbonyl) addition of glacial acetic acid or hydrochloric acid. For the 
piperidin-4-yl1pipcridin-4-yl}-2H-benzimidazol-2-one preferred examples where Z=N; and 0:1, a suitably pro 

(1’"R) 1,3-Dihydro-1-{1'-[1"-(1'"-(5""-pyrimidinyl)-ethyl) tected piperidone of formula 111 such as where o=1, k=0 and 
piperidin-4"-yl]piperidin-4‘-yl}-2H-benzimidazol~2-one 25 K=CO2CH2Ph, CO2C(CH3)3, COQCH3 or CO2CH2CH3 can 

(1"'R) 1,3-Dihydro-1-{1'-[1“-(1'"-(5’"'-pyrimidinyl)-ethyl) be used as an intermediate. Similarly, for the examples 
piperidin-4"-yl]piperidin-4'-yl}-5-chloro-2H- where Z=CH, K=NH, 0:1 and k=1 a suitably protected 
benzimidazol-Z-one 4-aminocyclohexanone of formula I[[ such as where 0:1, 

(1"‘R) 1,3-Dihydro-1-{1'-[1"-(1"'-(5""-pyrimidinyl)-ethyl) k=0, K=NHCO2CH2Ph, NHCO2C(CH3)3, NHCO2CH3, 
piperidin-4"-yl]piperidin-4'-yl}-5-methyl-2H- 30 NHCO2CH2CH3 01' N3 can be used as an intermediate. 
benzimidazol-Z-one Deprotection by the usual methods (hydrogenation or acidic 

1’3_Dihydr0_1_{1_[4_ox0cyc10hex-1-y1]pipe1-idjn_4_y1}_2I-I- hydrolysis followed by basi?cation) provides the free amine 
benzimidazol-2_one compound which can be acylated or alkylated by standard 

trans—1_.3-Dihydro-l-{1-[l-(j-pyrjmjdinylamino)cyclohcx_ procedures. By this route the most preferred compounds can 
4_yl}piperidin_4_yl}_2H_benZimidaZo1_2_Onc be obtamed after 1solat1on and puri?catlon. 

_ _ - _ _ _ _ _ - - _ _ 35 The starting materials of the formula (II) and (111) are 

uaggégdilzifg?zlligeglzigigaygcig?go)cyclohex 4 yl] either cormnercially available or can be obtained by con 
(lmR) 13_Dihydm_1_{1._[1"_(1m_(5m._pyridiny1)_cmyl) ventional procedures such as those described in the 

. . ’. ,, . . . , . . Examples section. 

P1P ‘mm-4 ‘yuplp?ndmA_yl}_2H_benmdaZ01_2_onc Com unds of the formula I, where X=CH Y=N and 
(rum 1’3'Dihydm‘1‘{1"[l"'(1m'(5w'pyridinyb'ethyl) m=0 calriobe re ared by a number of routes in’cludin the 
piperidin-4"-yl]piperidin-4'-yl}-5-chloro-2H- 40 following. P P ’ g 
benzimidazol-Z-one ' Method B 

This can be illustrated as follows: 

(W) (V) 

(1"'R) 1,3-Dihydro-l-{1'-[1"-(1'"-(5""-pyridinyl)-ethyl) 55 The reaction is preferably carried out at room temperature 
piperidin-4"-yl]piperidin-4'-yl}-5-methyl-2H- (20°—30° C.) at a pH in the range of 2-7 (acidic) by the 
benzimidaZ01_2_0ne addition of glacial acetic acid or hydrochloric acid. For the 

preferred examples where Z=N and 0:1, a suitably protected 
piperazine of formula V such as where k=0 and 

The novel compounds of this invention are prepared by 60 K=CO2CH2P11,CO2C(CH3)3, C02CH3 or CO2CH2CH3 can 
the following non-limiting procedures: Compounds of the be used as an intermediate. Similarly, for the preferred 
formula I, where X=N, Y=CH and m=0, can be prepared by examples where Z=CH, K=NH, and o==1, a suitably pro 
a number of routes, including the following: tected 4-aminopiperidine such as formula V where o=1, k=0 

and K=NHCO2CH2Ph, NHCO2C(CH3)3, NHCO2CH3, 
Method A \ 65 NI-ICOZCHZCH3 or N3 can be used as an intermediate. 

Deprotection by the usual methods hydrogenation or acidic 
This can be illustrated as follows: hydrolysis followed by basi?cation) provides the free amine 
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compound which can be acylated or alkylated by standard 
procedures. By this route the preferred compounds can be 
obtained after isolation and puri?cation. The more preferred 
trans -isomer is either formed selectively by control of the 
reaction conditions, or separated by chromatography. 
The novel starting materials of the formula (IV) can be 

obtained by conventional procedures such as those described 
in the Examples section. The starting materials of the 
formula (V) are either commercially available or can be 
obtained by conventional procedures such as those described 
in the Examples section. 

Compounds of the formula I, where X=CH, Y=CH, J=NH 
and m=1 can be prepared by a number of routes, including 
the following: 

10 

14 
Compounds of the formula I, where X=CH, Y=CH, J=NH 

and m=1 can also be prepared by the following: 

Method D 

This can be illustrated as follows: 

15 

Method C 

This can be illustrated as follows: 

B\ O NaBl-KOAc); B\ 0 
N _< or NaBH3CN, N —< 
/ AcOH / 
A N =0 + HzN Z_(K),,_'(Q)k THE A N N Z—(K)',—(Q)k 

) ( CICHZCHZCI or > < H 
_ CH30H — 

D G D G 

\\ // \\ // (oompolmds 10) 
E — F E — F 

(IV) (VI) 

The reaction is preferably carried out at room temperature 
(20°—30° C.) at a pH in the range of 2-7 (acidic) by the 
addition of glacial acetic acid or hydrochloric acid. For the 

B\ o NaBH(OAc)3 B\ O 
N —< or NaBHgcN, N —< 
l < AcOH / H 
A N NH: + 0 Z_(K)°_(Q)k—TH?A N N Z_(K);_(Q)k O CICHZCHZCI 01' >— ( cuson ) — < 
D G D G 

\\ // \\ // (Compomds 1c) 
E — F E — F 

(V11) (11D 

preferred examples where Z=N a suitably protected 
4—aminopiperidine of formula VI such as where 0:1 and k=0 

can be used as an intermediate. Similarly, for the preferred 
examples where Z=CH and k=l, a suitably mono- protected 
1,4—diarninocyclohexane of formula VI such as where o=l, 
k=0 and K=NHCO2CH2Ph, NHCO2C(CH3)3, N'HCO2CH3, 
NHCO2CH2CH3 or N3 can be used as an intermediate. 
Deprotection by the usual methods (hydrogenation or acidic 
hydrolysis followed by basi?cation) provides the free amine 
compound which can be acylated or alkylated by standard 
procedures. By this route the preferred compounds can be 
obtained after isolation and puri?cation. The more preferred 
trans -isomer is either formed selectively by control of the 
reaction conditions, or separated by chromatography. 
The novel starting materials of the formula (IV) can be 

obtained by conventional procedures such as those described 
in the Examples section. The starting materials of the 
formula (VI) are either commercially available or can be 
obtained by conventional procedures such as those described 
in the Examples section. 

55 

65 

The reaction is preferably carded out at room temperature 
(20°—30° C.) at a pH in the range of 2-7 (acidic) by the 
addition of glacial acetic acid or hydrochloric acid. For the 
preferred examples where Z=N, a suitably protected piperi 
done of formula 111 such as where o=l, k=0, and 
K=CO2CH2Ph, CO2C(CH3)3, CO2CH3 or COZCHZCH3 can 
be used as an intermediate. Similarly, for the preferred 
examples where Z=CH, o=l, and J=NH, a suitably mono 
protected 4-aminocyclohexanone of formula I[[ such as 
where 0:1 and k=0 and K=NHC02CH2Ph, NHCO2C(CH3) 
3, NHCOZCHB, NHCO2CH2CH3 or N3 can be used as an 
intermediate. Deprotection by the usual methods 
(hydrogenation or acidic hydrolysis followed by 
basi?cation) provides the free amine compound which can 
be acylated or alkylated by standard procedures. By this 
route the preferred compounds can be obtained after isola 
tion and puri?cation. The more preferred trans-isomer is 
either formed selectively by control of the reaction 
conditions, or separated by chromatography. 
The novel starting materials of the formula (VII) can be 

obtained by conventional procedures such as those described 



5,691,323 
15 16 

in the Examples section. The starting materials of the The compounds of the present invention include, but are 
formula ([11) are either commercially available or can be not limited by the following Tables (1-4), 
obtained by conventional procedures such as those described 
in the Examples section. 

TABLE 1 

gig/OR 
R R R R 

O 0 O 0 

%E if“ E? Y1 l 

\N N/ H2 \N) N/ N/\' 
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“1/ 2 N 2 

\ l RE \Cl YN \Me 
N |NI \Nj\m I / 

-O 
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0 0 0 
| I I 

\ KENT“ IN“ INYNHZ 
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I \ I N NHCH3 I \ I Ph 
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CH3 0 o o ‘ 
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0 O O 

I N\' N @l \ N\ | j \N | l ‘ 
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TABLE 2-continued 

@100‘ 
R R 

O 0 ICIJ O 
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HZN | / O I N H2111 | / 
N / N 

TABLE 3 

$10051 9:005; 
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TAB LE3-continued 
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QZQWQ 230mm 
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TABLE 7~continued 

28 

I20 
OH 

"OH 

The selectivity of the compounds can be measured by 
radioligand displacement from ml-m5 receptors expressed 
in chinese hamster ovary cells (CHO) as described in the 
Examples section. The functional activity of the compounds 
can be assessed by measuring the agonist induced contractile 
response on muscle tissue from rabbit vas deferens (M l), the 
guinea pig left atria (M2), or the guinea pig ileum (M3) as 
described in the Examples section. The functional activity at 
the human muscarinic receptors can be assessed by measur 
ing agonist induced phosphoinositide hydrolysis in CHO 
cells expressing the human m1 and m3 receptors or agonist 
inhibition of foskolin-stimulated adenylate cyclase activity 
in CHO cells expressing the human m2 receptor as described 
in the Examples section. 
The instant compounds of this invention are useful in 

treating and/or preventing the development of myopia. 
Therapy to inhibit axial-elongation myopia during matura 
tion can be administered by the use of the agent in eye drops. 
Indeed. in the vast majority of cases, treatment agents are 
administered to human eyes by the application of eye drops. 
Eye drops are typically made up at a concentration of active 
agent between about 0.1 and 2% in the ophthalmic medium. 
A 0.5%-2% solution of the instant muscarinic antagonist in 
water would be a likely concentration for clinical use. A pH 
of about 4.5 to about 7.5 is expected to be acceptable as an 
ophthalmic drop and practical in terms of known solubility 
and stability of piperidines. Phosphate buifering is also 
common for eye drops and is compatible with the instant 
muscarinic antagonist. A common regimen for application of 
eye drops is one to three times a day spaced evenly through 
out waking hours. More e?’ective agents may require fewer 
applications or enable the use of more dilute solutions. 
Alternatively, ointments and solid inserts are now coming 
into increased use in clinical practice. These aid the ocular 
penetration of the drug. It is. of course, also possible to 
administer the above-described active agents in therapeuti 
cally eifective amounts and dosages in pills, capsules, or 
other preparations of systemic administration. 
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In experiments in animals where axial myopia has been 
experimentally induced by depriving the retina of formed 
images, it has been noted by others in primates that amblyo 
pia was also experimentally and coincidentally induced. 
Amblyopia is evidenced by poor visual acuity in the eye 
resulting in poor visual performance. Normally, visual acu 
ity improves during maturation. It is known that amblyopia 
may occur in humans from unknown causes or as pan of 
strabismus. It is possible that administration of therapeuti 
cally eifective amounts and dosages of the instant muscar 
inic antagonist might prevent or inhibit the development of 
permanent or persistent amblyopia in maturing humans with 
decreased likelihood of sensitization of the eye. It is also 
possible that humans who have already developed amblyo 
pia from other or even unknown causes might be aided by 
similar therapeutic treatment with the aforementioned 
agents. 
The following examples are provided in order that this 

invention might be more fully understood; they are not to be 
construed as limitative of the invention. The compounds are 
characterized analytically using techniques such as nuclear 
magnetic resonance, mass spectrometry, chromatography 
and the like. 

EXAMPLE 1 

1,3-dihydro- 1-{ 1-[ 1-(5-pyrimidine-carbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol-2-one 

Step 1: A mixture of 100 g 4-piperidone hydrochloride 
hydrate. 1 L ether, 300 mL of Water, 500 mL of saturated 
aqueous Na2CO3 solution and 140 g di-t-butyldicarbonate 
was vigorously stirred for 5 days. The layers were separated 
and the aqueous layer was extracted with 500 mL of ether. 
The combined organic extracts were dried over MgSO4 and 
concentrated under reduced pressure. The product N-t 
butyloxycarbonyl-4-piperidone, 127 g, crystallized as a 
white solid. 

Step 2: A mixture of 20.6 g N-t-butyloxycarbonyl-ll 
piperidone, 15 g of 4-(2-oxo-l-benzimidazolinyDpiperidine, 
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300 mL of 1,2-dichloroethane, 4.2 mL of glacial acetic acid 
and 24 g of sodium triacetoxyborohydride was stirred at 
room temperature for 48 h. The reaction mixture was poured 
into 500 mL chloroform and 500 mL saturated aqueous 
NaQCO3 and the layers separated. The aqueous layer was 
extracted with 2x250 mL of chloroform and the combined 
organic layers dried over MgSO4 and concentrated under 
reduced pressure. Recrystallization of the crude product 
from 200 mL of ethyl acetate gave in two crops 28.7 g of 
pure 1,3-dihydro- l-{ 1-[1-(t-butyloxycarbonyl)piperidin-4 
yl]piperidin-4~yl}-2H-benzimidazol-2-one as a white solid. 

Step 3: A stirred solution of 4 g of 1,3-dihydro-l-{1-[1 
(t-butyloxycarbonyl)piperidin-4-yl]piperidin-4-yl}-2H 
benzimidazol-2-one in 150 mL of 1N HCl was heated to 
re?ux for 4 h, cooled and concentrated to dryness. After 
drying overnight under vacuum, there was obtained 4.0 g of 
1.3 -dihydro-1-{1-[1-piperidin-4-yl]piperidin-4-yl}-2H 
benzirnidazol-Z-one dihydroehloride salt as a white solid. 

Step 4: To a stirred solution of 6 g of l,3-d.ihydro-l-{ 1 
[1-piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one 
dihydroehloride salt and 20 mL of triethylamine in 500 mL 
of dichloromethane was added 3 g of pyrimidine-5 
carboxylic acid chloride. After 2 h, 50 mL of dilute aqueous 
ammonia was added and the mixture stirred for an additional 
30 min. The organic layer was separated, the aqueous layer 
extracted with two additional 200 mLportions of chloroform 
and the combined organic extracts dried over MgSO4 and 
concentrated under reduced pressure. Recrystallization of 
the cmde product from200 mL of ethyl acetate gave in two 
crops 6 g of pure 1,3-dihydro-1-{1-[1-(5 
pyrimidinecarbonyl)piperidin-4-yl]piperidin-4-yl}-2H 
benzimidazol-Z-one as a white solid: 1H NMR (400 MHZ, 
CDCIB) 10.4 (s, 1H), 9.28 (s, 1H), 8.82 (s, 2H), 7.4—6.9 (m, 
4H), 4.8 (br m, 1H), 4.4 (br m, 1H), 3.8 (hr m, 1H), 3.1 (br 
m, 4H), 2.88 (br m, 1H), 2.74 (br m, 1H), 2.44 (br m, 4H), 
2.0 (hr m, 1H), 1.88 (br m, 2H), 1.58 (br m, 2H). The 
dihydroehloride salt was recystallized from ethanol: Analy 
sis calculated for C22H26N6O2.2HCL1.3 C2H7O C: 54.79, 
H: 6.69, N: 15.58 found C: 54.85, H: 6.67, N: 15.55. 

EXAMPLE 2 

S-methyl- 1 ,3-dihydro-1-{1-[l-(5-pyrimidine carbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benzirnidazol-2-one 

Step 1: A mixture of 69 g of 4—chloro-3-nitro-toluene, 50 
g of ethyl 4-amino-l-piperidinecarboxylate, 24 g of sodium 
carbonate, 0.1 g of sodium iodide and 120 mL of cyclohex 
anol was heated to 150° C. for 72 h. After cooling the 
cyclohexanol was distilled off under reduced pressure and 
the residue partitioned between 1 L of ethyl acetate and l L 
of Water. The organic extract was dried over MgSO4 and 
concentrated under reduced pressure. Chromatography over 
silica gel, eluting with 20% ethyl acetate in cyclohexane 
gave 38.5 g (42.3%) of ethyl 4-(4-methyl-2-nitroanilino)- l 
piperidinecarboxylate as an orange crystalline solid. 1H 
NMR (400 MHz, CDCl3) 8.0 (s, 1H), 7.27 (t, J=9 Hz, 1H), 
6.8 (d, J=9 Hz, 1H), 4.15 (q, J=7 Hz, 2H), 4.05 (br m, 2H), 
3.67 (br m, 1H), 3.10 (br t, 1:11 Hz, 2H), 2.27 (s, 3H), 2.06 
(br d, J=11 Hz, 2H), 1.6 (m, 2H), 1.27 (t, J=7 Hz, 4H). 

Step 2: A mixture of 8.23 g of ethyl 4-(4-methyl-2 
nitroanilino)-l-piperidinecarboxylate, 200 mL of 
tetrahydrofuran, 225 mL of ethanol and 2 g of 5% platinum 
on carbon was stirred under an atmosphere of hydrogen for 
7 h. The catalyst was ?ltered off and the ?ltrate concentrated 
to to a thick oil. To an ice cold, vigorously stirred solution 
of the resulting crude ethyl 4-(4-methyl-2-aminoanilino)-1 
piperidinecarboxylate in 500 mL of ethyl acetate was added 
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500 mL of saturated sodium carbonate followed by 20 mL 
of 1.9M phosgene in toluene dropwise over 30 min. After 
stirring overnight at room temperature, the layers were 
separated and the organic layer dried over MgSO4 and 
concentrated to dryness. Trituration of the residue with 
ether-hexane gave 8 g of ethyl 4-(5-methyl-2-oxo-l 
benzimidazolinyl)piperidine- l-carboxylate as a white crys 
talline solid. 

Step 3: A mixture of 5 g of ethyl 4-(5-methyl-2-oxo-l 
benzimidazolinyl)piperidine-l-carboxylate and 20 mL of 
2N NaOH was heated under re?ux for 12 h. The resulting 
solution is cooled and stirred for for 30 minutes with 5 g of 
ammonium chloride and extracted with three 200 mL por 
tions of chloroform. The combined organic extracts were 
dried over M gSO4, concentrated under reduced pres sure and 
triturated with ether. The solid product 4-(5-methyl-2-oxo 
l-benzimidazolinyl)piperidine weighed 3.5 g after drying. 

Step 4: A mixture of 4.5 g N-t-butyloxycarbonyl-4 
piperidone, 4.7 g of 4-(5-rnethyl-2-oxo-l-benzirnidazolinyl) 
piperidine, 65 mL of 1,2-dichloroethane, 1.3 mL of glacial 
acetic acid and 6.4 g of sodium triaoetoxyborohydride was 
stirred at room temperature for 48 h. The reaction mixture 
was poured into 500 mL chloroform and 500 mL saturated 
aqueous Na2CO3 and the layers separated. The aqueous 
layer was extracted with 2x250 mL of chloroform and the 
combined organic layers dried over MgSO4 and concen 
trated under reduced pressure. Recrystallization of the crude 
product from50 mL of ethyl acetate gave in two crops 6.18 
g of pure 5-methyl-1,3-dihydro- l-{ l-[l-(t 
butyloxycarbonyl)piperidin-4-yl]piperidin-4-y1}-2H 
benzimidazol-2-one as a white solid: mp 210°—211° C. 

Step 5: A stirred solution of 6.18 g of 5-methyl-1,3 
dihydro-1-{1-[1-(t-butyloxycarbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol-2-one in 200 mL of 1N 
HCl was heated to re?ux for 4 h, cooled and concentrated to 
dryness. After drying overnight under vacuum, there was 
obtained 6 g of 5-methyl-l,3-dihydro-1-{1-[l-pipe1'idin-4 
yl]piperidin-4-yl}-2H-benzirnidazol-2-one dihydroehloride 
salt as a white solid. 

Step 6: To a stirred solution of 6 g of 5-methyl-l,3 
dihydro-1-{1-[l-piperidin-4-yl]piperidin-4-yl}-2H 
benzimidazol-2-one dihydroehloride salt and 20 mL of tri 
ethylamine in 500 mL of dichloromethane was added 3 g of 
pyrimidine-S-carboxylic acid chloride. After 2 h, 50 mL of 
dilute aqueous ammonia was added and the mixture stirred 
for an additional30 min. The organic layer was separated, 
the aqueous layer extracted with two additional 200 mL 
portions of chloroform and the combined organic extracts 
dried over MgSO4 and concentrated under reduced pressure. 
Recrystallization of the crude product from 200 mL of ethyl 
acetate gave in two crops 6 g of pure 5-methyl-l,3-dihydro 
l-{ 1-[1-(5-pyrimidinecarbonyl)piperidin-4-yl]piperidin-4 
yl}-2H-benzimidazol-2-one as a white solid: 1H NMR (400 
MHz, CDCl3) 9.6 (br s, 1H), 9.28 (s, 1H), 8.82 (s, 2H), 7.14 
(d, J=7 .4 Hz, 1H), 6.93 (s, 1H), 6.84 (d, J=7.4 Hz, 1H), 4.8 
(br m, 1H), 4.3 (br m, 1H), 3.8 (br m, 1H), 3.2 (br m, 1H), 
3.1 (br m, 4H), 2.74 (br m, 1H), 2.41 (br m, 4H), 2.36 (s, 
3H), 2.0 (hr m, 1H), 1.88 (br m, 2H), 1.58 (br m, 2H). The 
dihydroehloride salt was recystallized from toluene-ethanol: 
Analysis calculated for C23H23N6O2.2HC1.0.2 C7H8.0.75 
H2O C: 55.78, H: 6.35, N: 16.00 found C: 55.82, H: 6.61, N: 
16.04. 

EXAMPLE 3 

1,3-dihydro- l-{1-[1-(2-pyrazinecarbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzirnidazol-2-one 
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To a stirred, ice cold solution of 25 mg of pyrazine-2 
carboxylic acid and 0.11 mL of triethylamine in 5 mL of 
tetrahydrofuran was added 0.040 mL of diphenylphosphoryl 
chloride. After stirring for l h at 0° C., 100 mg 1,3-dihydro 
1-{ l-[1-piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2 
one dihydrochloride salt was added and the reagents were 
allowed to warm and stir overnight. The reaction mixture 
was diluted with 100 mL of chloroform and the resulting 
solution was washed with 10 mL of saturated Na2CO3, dried 
over MgSO4 and concentrated under reduced pressure. Pre 
parative thin layer chromatography on silica gel eluting with 
90:10:5 CHCl3:CH3OH: cone. NH4OH gave 90 mg of 
1,3 -dihydro- 1-{ 1-[l-(2-pyrazinecarbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzirnidazol-2-one as a white solid: 1H 
NMR (400 MHZ, CDCl3) 10.0 (s, 1H), 8.94 (s, 1H), 8.65 (s, 
1H), 8.57 (s, 1H), 7.3-6.9 (m, 4H), 4.8 (br d, J=l2.5 Hz, 1H), 
4.4 (hr m, 1H), 4.0 (br d, J=12.5 Hz, 1H), 3.1 (br m, 4H), 
2.88 (br m, 1H), 2.71 (br m, 1H), 2.47 (br In, 4H), 2.0 (br (1, 
]=12 Hz, 1H), 1.88 (br In, 2H), 1.68 (br t, J=12 Hz, 2H). The 
dihydrochloride salt was recystallized from ethanol: Analy 
sis calculated for C22H26N6O2.2HCl.O.5 C2H7O C: 59.28, 
H: 6.49, N: 18.04 found C: 59.18, H: 6.36, N: 17.99. 

EXAMPLE 4 

1 ,3-dihydro-1-{ 1 - [ l-(3 —pyridinecarbonyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol-2-one 
From l,3-dihydro-l-{ 1-[1-piperid1'n-4-yl] piperidin-4-yl} 

2H-benZiInidazol-2-one dihydrochloride salt and nicotinoyl 
chloride hydrochloride using the procedure described for 
Example 1, Step 4 there was obtained 1,3-dihydro-l-{1-[l 
(3-pyridinecarbonyl)piperidin-4-yl]piperidin-4-yl}-2H 
benzimidazol-Z-one as a white solid: 1H NMR (400 MHz, 
CDCl3) 9.8 (s, 1H), 8.68 (In, 2H), 7.77 (m, 1H), 7.37 (In, 
1H), 7.27 (m, 1H), 7.12-7.0 (m, 3H), 4.8 (br m, 1H), 4.38 
(br In, 1H), 3.8 (br In, 1H), 3.1 (br In, 4H), 2.88 (br m, 1H), 
2.65 (br m, 1H), 2.44 (br m, 4H), 2.0 (br m, 1H), 1.88 (br m, 
2H), 1.60 (br In, 2H). The dihydrochloride salt was recys 
tallized from ethanol: Analysis calculated for 
C23H27N5O2.2HCl.0.5 C2H7O C: 57.32, H: 6.43, N: 13.97 
found C: 57.32, H: 6.57, N: 13.77. 

EXAMPLE 5 

5-methyl-1,3-dihydro- 1-{ l- [ l-(3 -pyridine carbonyl) 
piperidin-4-yl1pipe1idin-4-yl}-2H-benziInidazol-2-one 
From S-methyl- l,3-dihydro-l-{ 1-[1-piperidin-4-yl] 

piperidin-4-yl}-2H-benzi.midazol-2-one dihydrochloride 
salt and nicotinoylchloride hydrochloride using the proce 
dure described for Example 1, Step 4 there was obtained 
S-methyl- 1,3-dihydro- 1-{ l-[ l-(3-pyridinecarbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benziInidazol-2-one as a 
white solid: 1H NMR (400 MHz, CDCIB) 9.45 (s, 1H), 8.68 
(In, 2H), 7.77 (m, 1H), 7.37 (In, 1H), 7.14 (d, 1:7 .4 Hz, 1H), 
6.93 (s, 1H), 6.84 (d, J=7.4 Hz, 1H), 4.8 (brm, 1H), 4.38 (br 
m, 1H), 3.8 (br In, 1H), 3.1 (hr m, 4H), 2.88 (br rm 1H), 2.65 
(br In, 1H), 2.44 (br In, 4H), 2.38 (s, 3H), 2.0 (br m, 1H), 
1.88 (br m, 2H), 1.60 (br In, 2H). Analysis calculated for 
C24H29N5O2.0.5CH2Cl2.O.8 CH3CO2CH2CH3 C: 64.91, H: 
7.12, N: 13.81 found C: 65.04, H: 7.10, N: 13.52. 

EXAMPLE6 

trans-1,3-Dihydro-l-{4-[4-(5-pyrimidinecarbonyl) 
piperazin-1-yl]~1-cyclohexyl}-2H-benzimidazol-2-one 

Step 1: A mixture of 10 g of 1,4-cyclohexanedione 
mono-ethyleneketal, 13.8 g of 1,2-phenylenediarnine, 180 
mL of 1,2-dichloroethane, 4 mL of glacial acetic acid and 19 
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g of sodium triacetoxyborohydride was stirred at room 
temperature for 48 h. The reaction mixture was poured into 
200 mL chloroform and 200 mL saturated 1N NaOH and the 
layers separated. The aqueous layer was extracted with 2X50 
mL of chloroform and the combined organic layers dried 
over MgSO4 and concentrated to dryness under reduced 
pressure. To an ice cold, vigorously stirred solution of the 
resulting crude 4-(2-aminoanilino)cyclohexan-l-one ethyl 
ene ketal in 200 mL of ethyl acetate was added 200 mL of 
saturated sodium carbonate followed by 10 mL of 1.9M 
phosgene in toluene dropwise over 30 rnin. After stirring 
overnight at room temperature, the layers were separated 
and the organic layer dried over MgSO4 and concentrated to 
dryness. Chromatography over silica gel, eluting with 5% 
methanol in dichloromethane gave 7 g of the ethylene ketal 
of 1,3-dihydro-l-(4-oxocyclohexyl)-2H-benzimidazol-2 
one as a solid. 1H NMR (400 MHz, CDCl;,) 9.58 (s, 1H), 
7.28 (In, 1H), 7.07-7.15 (In, 3H), 4.5 (In, 1H), 4.03 (m, 4H), 
2.5 (m, 2H), l.8—l.93 (In, 6H). 

Step 2: A mixture of 7 g of the ethylene ketal of 1,3 
dihydro-1-(4—oxocyclohexyl)-2H-benzimidazol-2-one, 100 
mL of glacial acetic acid, 50 mL of water and 50 mL of cone. 
HCl was heated under re?ux for 12 h. The mixture was 
concentrated under reduced pressure, diluted with 100mLof 
water and extracted into 3><20O mL of CHCla. The combined 
organic extracts were washed with 100 mL of water, 100 mL 
of saturated Na2CO3, dried over MgSO4 and concentrated 
under reduced pressure. Drying under vacuum gave 5 g of 
1,3-dihydro- 1-(4-oxocycloheXyl)-2H-benzimidazol-2-one 
as a tan solid: 1H NMR (400 MHz, CDCl3) 9.52 (s, 1H), 
7.14-7.03 (In, 4H), 4.82 (In, 1H), 2.8-2.6 (In, 4H), 2.2 (In, 
2H). 

Step 3: A mixture of 1.5 g of 1,3-dihydro-1-(4 
oxocyclohexyl)-2H-benzimidazol-2-one, 1.21 g of tert 
bntyl-l-piperazinecarboxylate, 20 mL of 1,2 
dichloroethane, 0.4 mL of acetic acid and 1.8 g of sodium 
triacetoxyborohydn'de was stirred at room temperature for 
48 h. The reaction mixture was poured into 500 mL chlo 
roform and 500 mL saturated aqueous NaZCO3 and the 
layers separated. The aqueous layer was extracted with 
2x250 mL of chloroform and the combined organic layers 
dried over MgSO4 and concentrated under reduced pressure. 
Chromatography of the crude product on silica gel, eluting 
with 90:10 CHCl3: MeOH gave 0.631 g of cis-l,3-dihydro 
1 -{4-[4-(tert-butyloxycarbonyl)piperazin-1-yl]- l 
cyclohexyl}-2H-benzimidazol-2-one as white solid: 
mp=228°-30° C.; 1H NMR (400 MHZ, CDCl3) 7.45 (In, 
1H), 7.14 (m, 1H), 7.05 (In, 2H), 3.55 (br s, 4H), 2.49 (br s, 
6H), 2.27 (s, 1H), 2.15 (br d, J=15.l, 2H), 1.58 (br d, J=10.6, 
4H), 1.49 (s, 9H); followed by 0.52 g of trans-1,3-dihydro 
1-{4-[4-(tert-butyloxycarbonyl)piperazin-1-yl]-l 
cyclohexyl}-2H-benzimidazol-2-one as white solid: 
mp=195°—6° C.; 1H NlVIR (400 MHz, CDCIB) 7.14 (m, 2H), 
7.12—7.04 (In, 2H), 4.28 (In, 1H), 3.46 (br s, 4H), 2.56 (br 
s, 5H), 2.49 (m, 1H), 2.29 (q, 2H), 2.06 (d, J=6.4, 2H), 2.0 
(d, J=9, 2H), 1.52 (In, 1H), 1.47 (s, 9H). 

Step 4: A stirred solution of 0.52 g of trans-1,3-dihydro 
1-{4-[4-(tert-butyloxycarbonyl)piperazin-l-yl]-1 
cyclohexyl}-2H-benzimidaZol-2-one in 15 mL of 1N HCl 
was heated to re?ux for 1 h, cooled, basi?ed to pH 10 with 
6N NaOH and extracted 2X50 mL of CHCl3. The combined 
extracts were dried over MgSO4 and concentrated under 
reduced pressure. After drying overnight under vacuum, 
there was obtained 0.28 g of trans-1,3-dihydro-1-{4-(l 
piperazinyl)-l-cyclohexyl}-2H-benziInidazol-2-one as a 
white solid: 1H NlVIR (400 MHZ. CDCl3) 7.14 (In, 1H), 7.11 
(In, 1H), 7.07 (m, 2H), 4.28 (In, 1H), 2.61 (s, 4H), 2.45 (t, 
1H), 2.26 (q, 2H), 2.10 (d, J=l2.2, 2H), 2.0 (d, J=10.8, 2H), 
1.53 (q, 2H). 
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Step 5: To a stirred solution of 0.044 g of trans-1,3 
dihydro-1-{4-(l-piperazinyl)-1-cyc1ohexyl}-2H 
benzimidazol-Z-one and 20 mL of niethylamine in 3 mL of 
dichloromethane was added 0.03 g of pyrimidine-5 
carboxylic acid chloride. After 2 h, 5 mL of dilute aqueous 
ammonia was added and the mixture stirred for an additional 
30 min. The organic layer was separated, the aqueous layer 
extracted with two additional 20 mL portions of chloroform 
and the combined organic extracts dried over MgSO4 and 
concentrated under reduced pressure. Chromatography over 
silica gel eluting with 90:10 EtOAc: MeOH gave 0.030 g of 
trans-1,3-dihydro-1-{4-[4-(5-pyrimidinecarbonyl) 
piperazin-1-yl]-l-cyclohexyl}-2H-benzi.midazol-2-one as a 
white solid: mp>250° C.; 1H NMR (400 MHz, CDCIS) 9.76 
(bs 1H), 9.27 (s, 1H), 8.83 (s, 2H), 7.27-7.04 (m, 4H), 4.27 
(br t, 1H), 3.84 (br s, 2H), 3.43 (br s, 2H), 2.73 (br s, 1H), 
2.61 (br s, 2H), 2.54 (d, 1H), 2.34 (q, 2H), 2.02 (br t, 3H), 
1.97 (br s, 1H), 1.52 (q, 2H). The dihydrochloride salt was 
recystallized from ethanol: Analysis calculated for 
C22H26N6O2.2HCl.0.65 CHCl3 C: 48.84, H: 5.18, N: 15.09; 
found C: 48.85, H: 5.36, N: 14.72. 

EXAMPLE7 

1,3-dihydro-1-{trans-4-[4-(5 -pyridinecarbonylamino) 
piperidin-1-yl]-1-cyclohexyl}-2H-benzimidazol-2-one 

Step 1: To a stirred solution of 2.0 g of ethyl 4-amino-1 
piperidinecarboxylate and 2 mL of triethylamine in 50 mL of 
chloroform was added 2.07 g of nicotinoyl chloride hydro 
chloride. After 12 h, the mixture was washed with 50 mL of 
saturated sodium bicarbonate, dried over MgSO4 and con 
centrated under reduced pressure. Drying under vacuum 
gave 2.2 g of 4-(3-pyridinecarbonylamino)-1 
piperidinecarboxylate as a white solid. 

Step 2: A mixture of 1.2 g of the ethylene ketal of 
4-(3-pyridinecarbonylamino)-l-piperidinecarboxylate and 
20 mL of 6N HCl was heated under re?ux for 6 h. The 
mixture was cooled, extracted with 20 mL of 
dichloromethane, then basi?ed with 6N NaOH and extracted 
with 3X50 mL of chloroform. The combined chloroform 
extracts were dried over MgSO4 and concentrated under 
reduced pressure. Drying under vacuum gave 0.6 g of 
4-(3-pyridinecarbonylamino)pipe1idine as an oil: 1H NlVIR 
(400 MHz, CDCl3) 8.96 (d, J=2 Hz, 1H), 8.72 (m, 1H), 8.10 
(m, 1H), 7.40 (m, 2H). 

Step 3: A mixture of 0.13 g of 1,3-dihydro-1-(4 
oxocyclohexyl)-2H-benzimidazol-2-one, 0.12 g of 4-(3 
pyridinecarbonylamino)piperidine, 5 mL of 1,2 
dichloroethane, 0.04 mL of glacial acetic acid and 0.161 g of 
sodium triacetoxyborohydride was stirred at room tempera 
ture for 48 h. The reaction mixture was poured into 50 mL 
chloroform and 50 mL saturated aqueous Na2CO3 and the 
layers separated. The aqueous layer was extracted with 2X25 
mL of chloroform and the combined organic layers dried 
over MgSO4 and concentrated under reduced pressure. 
Chromatography of the crude product on silica gel, eluting 
with 10% methanol in chloroform gave 0.015 g of 1,3 
dihydro-1-{trans-4-[4-(5-pyridinecarbonylamino)piperidin 
1-yl]-1-cyclohexyl}~2H-benzimidazol-2-one: 1H NMR (400 
MHz, CDCl3) 9.01 (d, J=2 Hz, 1H), 8.75 (dd, J=2 and 4.5 
Hz, 1H), 8.40 (br s, 1H), 8.16 (dd, J=2 and 8 Hz, 1H), 7.43 
(m, 2H), 7.08 (m, 3H), 6.16 (br m, 1H), 4.47 (In, 1H), 4.12 
(m, 2H), 3.1 (br s, 2H), 2.8 (m, 1H), 2.5 (m, 1H), 2.2 (br m, 
4H), 1.60 (hr m, 8H). The dihydrochloride salt was precipi 
tated from ether: Analysis calculated for 
C24H29N5O2.2HCl.0.75 CHCl3.1.0 H20 C: 49.54, H: 5.67, 
N: 11.67 found C: 49.55, H: 5.85, N: 11.88. 
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EXAMPLE 8 

1 ,3-dihydr0-1-{1-[1-(3-pyridinemethyl)piperidin~4-y1] 
pipe1idin-4-yl}-2H-benzimidaZol-2-one 
A mixture of 0.10 g of 1,3-dihydro-1-{1-[1-piperidin-4 

yl]piperidin-4~yl}-2H-benzimidazol-Z-one, 0.037 mL of 
3-pyridinecarboxaldehyde, 15 mL of 1,2-dichloroethane, 
0.10 mL of glacial acetic acid and 0.106 g of sodium 
triacetoxyborohydride was stirred at room temperature for 
24 h. The reaction mixture was poured into 10 mL dichlo 
romethane and 10 mL saturated aqueous NaHCO3 and the 
layers separated. The aqueous layer was extracted with 2X10 
mL of dichloromethane and the combined organic layers 
dried over MgSO4 and concentrated under reduced pressure. 
Preparative thin layer chromatography on silica gel, eluting 
with 10% methanol in chloroform gave 0.050 g of 1,3 
dihydro-1-{1-[1-(3-pyridinemethyl)piperidin-4-yl] 
piperidin-4-yl}-2H-benzimidazol-2-one as a white solid: 1H 
NMR (400 MHz, CDCl3) 9.9 (s, 1H), 8.55 (m, 2H), 7.65 (m, 
1H), 7.35-7.25 (m, 2H), 7.15-7.05 (m, 3H), 4.38 (br m, 1H), 
3.5 (s, 2H), 3.1 (br m, 2H), 2.88 (br m, 2H), 2.44 (m, 4H), 
2.2 (m, 1H), 2.05 (br t, 2H), 1.83 (brm, 4H), 1.62 (brm, 2H): 
Analysis calculated for C23H29N5O.0.45 CHCl3 C: 63.25, 
H: 6.67, N: 15.73 found C: 62.96, H: 6.74, N: 15.54. 

EXAMPLE 9 

1 ,3 -dihydro- 1-{ 1-[1-(3-pyridylmethylaminocarbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one 

Step 1: To a stirred solution of 0.108 g of 
3-aminomethylpyridine and 0.280 g of di-2 
pyridylcarbonate in 5 mL of dichloromethane was added 
0.209 mL of triethylamine. After 12 h, the mixture was 
diluted with 50 mL of dichloromethane and washed with 50 
mL of saturated sodium bicarbonate, dried over MgSO4 and 
concentrated under reduced pressure. The residue was ?l 
tered through a short column of silica gel, eluting with ethyl 
acetate (100 mL) and the eluate concentrated to dryness. 
Drying under vacuum gave 0.20 g of N -(3-pyridylmethyl) 
O-2-pyridylurethane as a white solid. 

Step 2: A mixture of 0.108 g of 1,3-dihydro-1-{1-[1 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one, 
0.070 g of N-(3-pyridylmethyl)-O-2-pyridylurethane and 
0.062 mL of niethylamine in 5 mL of dichloromethane was 
added 2.07 g of nicotinoyl chloride hydrochloride. After 12 
h, the mixture was washed with 10 mL of saturated sodium 
bicarbonate, dried over MgSO4 and concentrated under 
reduced pressure. Preparative thin layer chromatography on 
silica gel, eluting with 5% methanol in chloroform contain 
ing 2% cone. NH4OH gave 0.113 g of 1,3-dihydro-1-{1-[1 
(3-pyridylmethylaminocarbonyl)piperidin—4-yl]piperidin-4 
yl}-2H-benzimidazol-2-one: 1H NMR (400 MHz, CDCl3) 
9.85 (s, 1H), 2H-benzimidazol-1H), 8.55 (dd, 1H), 7.7 (In, 
1H), 7.27 (m, 1H), 7.15-7.05 (m, 3H), 4.98 (m, 1H), 4.45 
(m, 2H), 4.38 (m, 1H), 4.05 (br d, 2H), 3.15 (d, 2H), 2.85 (t, 
2H), 2.55 (brm, 1H), 2.42 (br m, 4H), 2.22 (m, 4H), 1.55 (m, 
2H): Analysis calculated for CMH30N6O2065 CHCl3 C: 
57.81, H: 6.03, N: 16.41 found C: 57.56, H: 6.08, N: 16.75. 

EXAMPLE 10 

1 ,3-dihydro- 1-{1-[1-(3-pyridylmethyloxycarbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one 

Amixture of 2.0 g of l,3-dihydro-1-{1-[1-piperidin-4-y1] 
piperidin-4-yl}-2H-benzimidazol-2-one dihydrochloride, 
1.48 g of 3-py1idylmethyl 4-nitrophenyl carbonate and 4.45 
mL of triethylamine in 20 mL of tetrahydrofuran was stirred 
for 12 h. The mixture was diluted with 100 mL of 
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chloroform, washed with 20 mL of 1N NaOH, dried over 
MgSO4 and concentrated under reduced pressure. Drying 
under vacuum gave 0.20 g of 1,3-dihydro-1-{1-[1-(3 
pyridylmethyloxycarbonyl)piperidin-4-yl]piperidin-4-yl} 
2H-benziInidaZol-2-one as a white solid: 1H NMR (400 
MHZ, CDC13) 9.12 (s, 1H), 8.64 (m, 1H), 8.58 (In, 1H), 7.7 
(I11, 1H), 7.27 (m, 1H), 7.15-7.05 (m, 3H), 5.2 (s, 1H), 4.3 
(m. 3H), 3.06 (In, 2H), 2.80 (br s, 2H), 2.5 (In, 1H), 2.45 (In, 
4H), 1.84 (In, 4H), 1.5 (In, 2H). The dihydrochloride salt was 
crystallized from isopropanol: Analysis calculated for 
CMHBON6OT2HCLLS H2O.0.6(CH3)2CHOH C: 57.81, H: 
6.03, N: 16.41 found C: 57.56, H: 6.08. N: 16.75. 

EXAMPLE 11 

1,3-dihydro-1—{trans-4-[4-(5 
pyrimidinecarbonylypiperaZin- 1-yl]- 1-cyclohexyl}-2H 
benZiInidazol-2-one 

Step 1: A mixture of 1.5 g of 1,3-dihydro-1-(4 
oxocyclohexyl)-2H-benzimidaZol-2-one, 1.21 g of tert-butyl 
l-piperazinecarboxylate, 20 mL of 1,2-dichloroethane, 0.40 
mL of glacial acetic acid and 1.79 g of sodium triacetoxy 
borohydn'de was stirred at room temperature for 48 h. The 
reaction mixture was poured into 50 mL chloroform and 50 
mL saturated aqueous Na2CO3 and the layers separated The 
aqueous layer was extracted with 2><25 mL of chloroform 
and the combined organic layers dried over MgSO4 and 
concentrated under reduced pressure. Chromatography of 
the crude product on silica gel, eluting with 10% methanol 
in chloroform gave, ?rstly, 0.63 g of 1,3-dihydro-1-{cis-4 
[4-(tert-buty1carbonyl)piperazin-1-y1]-1-cyclohexyl}-2H 
benzimidaZol-2-one: 1H NMR (400 MHZ, CDCl3) 7.47 (In, 
1H), 7.25 (In, 1H), 7.05 (In. 2H), 4.55 (In, 1H), 3.54 (In, 4H), 
2.49 (In, 6H), 2.27 (s, 0.8H), 2.15 (d, 2H), 1.97 (In, 0.2H), 
1.57 (m, 4H), 1.49 (s, 9H). Later fractions gave 1,3-dihydro 
1-{trans-4-[4-(tert-butylcarbonyl)piperaZin-1-yl]- 1 
cyclohexyl}-2H-benzimidazol-2-one: 1H NMR (400 MHZ, 
CDCl3) 7.15 (m, 2H), 7.06 (In, 2H), 4.28 (In, 1H), 3.46 (In, 
4H), 2.56 (m, 4H), 2.5 (In, 1H), 2.26 (m, 2H), 2.03 (In, 6H), 
1.47 (s, 9H). 

Step 2: A stirred solution of 0.52 g of 1,3-dihydro-1 
{trans-4-[4-(tert-butylcarbonyl)piperazin-l-yl]-1 
cyclohexyl}-2H-benZiInidazol-2-one in 15 mL of 1N HCl 
was heated to re?ux for 1 h, cooled and basi?ed with 6N 
NaOH. The basic mixture was extracted with 2X50 mL 
portions of chloroform. The combined organic extracts were 
dried over MgSO4 and concentrated under reduced pressure. 
After drying overnight under vacuum, there was obtained 
0.28 g of 1,3-dihydro-1-{trans-4-[l-piperazinyl1-1 
cyclohexyl}-2H-benZimidazol-2-one as a white solid: 1H 
NMR (400 MHz, CDCl3) 7.16-7.03 (In, 4H), 4.27 (In, 1H), 
2.94 (In, 4H), 2.61 (In, 4H), 2.25 (In. 2H), 2.1 (d, 2H), 1.97 
(d, 2H), 1.54 (In, 2H). 

Step 3: To a stirred solution of 0.044 g of 1,3-dihydr0-1 
{trans-4-[ l-piperazinyl]- l-cyclohexyl}-2H—benzimidazol 
2~one and 0.2 mL of triethylamine in 3 mL of dichlo 
romethane was added 0.030 g of pyrimidine-S-carboxylic 
acid chloride. After 2 h. 5 mL of dilute aqueous ammonia 
was added and the mixture stirred for an additional 30 min. 
The organic layer was separated, the aqueous layer extracted 
with two additional 20 mL portions of chloroform and the 
combined organic extracts dried over MgSO, and concen 
trated under reduced pressure. Chromatography over silica 
gel eluting with 10% methanol in ethyl acetate gave 0.030 
g of 1,3-dihydro-1-{trans-4-[4-(5-pyrimidinecarbonyl) 
piperazin-1-yl]-1-cyclohexy1}-2H-benZiInidazo1-2-one as a 
white solid: 1H NMR (400 MHZ, CDCl3) 9.76 (s, 1H), 9.29 
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(s, 1H), 8.83 (s, 2H), 7.16-7.04 (In, 4H), 4.27 (In, 1H), 3.84 
(s, 2H), 3.48 (s, 2H), 2.72 (s, 2H), 2.61 (s, 2H), 2.56 (In, 1H), 
2.30 (q, 2H), 2.05 (In, 4H), 1.86 (br s, 1H), 1.5 (q, 2H). The 
dihydrochloride salt was precipitated from chloroform/ethyl 
acetate: Analysis calculated for C22H26N6O2.2HCl.0.65 
CHCl3 C: 48.84, H: 5.18, N: 15.09 found C: 48.85, H: 5.36, 
N: 14.72. 

EXAMPLE 12 

1,3-dihydro-1-{trans-4-[4-(3-pyridinecarbonyl)piperazin-1 
yl]-l-cyclohexyl}-2H-benzimidazol-2-one 
From 1 ,3-dihydro- 1-{trans-4-[ l-piperazinyl] - 1 

cyclohexyl}-2H-benZiInidaZol-2-one and nicotinoylchloride 
hydrochloride using the procedure described for Example 
11, Step 3 there was obtained 1,3-dihydro-1-{trans-4-[4-(3 
pyridinecarbonyl)piperazin-1-y1]-1-cyclohexyl}-2H 
benZiInidazol-2-one as a white solid: 1H NMR (400 MHZ, 
CDCl3) 9.51 (s, 1H), 8.68 (s, 2H), 7.77 (In, 1H), 7.38 (m, 
1H), 7.12-7.04 (In, 4H), 4.26 (m, 1H), 3.83 (s, 2H), 3.47 (s. 
2H), 2.71 (s. 2H), 2.58 (s, 2H), 2.53 (In, 2H), 2.30 (q, 2H), 
2.0 (q, 4H), 1.53 (m, 2H), 1.26 (In, 2H). The hydrochloride 
salt was precipitated from chloroform/toluene: Analysis 
calculated for C23H27N5O2.HCl.0.20 CHC13.O.45 CH3C6H5 
C: 57.99, H: 6.43, N: 12.83 found C: 58.04, H: 6.36, N: 
12.75. 

EXAMPLE 13 

1,3-dihydro-1-{trans-4-[1-(3-pyridinecarbony1)-4 
piperidinylamino]-l-cyclohexyl}-2H-benzimidazol-2-one 

Step 1: A mixture of 1.5 g of 1,3-dihydro-1-(4 
oxocyclohexyl)-2H-benziInidazol-2-one, 1.12 g of ethyl 
4-amino-l-piperidinecarboxylate, 20 mL of 1,2 
dichloroethane, 0.40 mL of glacial acetic acid and 1.79 g of 
sodium triacetoxyborohydride was stirred at room tempera 
ture for 48 h. The reaction mixture was poured into 50 mL 
chloroform and 50 mL saturated aqueous NaQCO3 and the 
layers separated. The aqueous layer was extracted with 2X25 
mL of chloroform and the combined organic layers dried 
over MgSO4 and concentrated under reduced pressure. 
Chromatography of the crude product on silica gel, eluting 
with 10% methanol in ethyl acetate gave 1.3 g of 1,3 
dihydro-1-{trans-4-[1-ethoxycarbonyl-4-piperidinylamino] 
1-cyclohexyl}-2H-benzimidazol-2-one as a white solid: 1H 
NMR (400 MHZ, CDC13) 9.8-9.9 (br In, 1H), 7.30 (In, 1H), 
7.11-7.02 (In, 4H), 4.37 (In, 1H), 4.17-4.06 (In, 4H), 3.15 
(m, 1H), 2.88 (t, 2H), 2.7 (In, 1H), 2.55 (In, 2H), 1.97 (d, 
2H), 1.86 (d, 2H), 1.65 (q, 4H), 1.25 (In, 5H). Analysis 
calculated for C21H30N4O3 C: 65.26, H: 7.82, N: 14.46 
found C: 65.20, H: 7.57, N: 14.15. 

Step 2: A stirred solution of 1.2 g of 1,3-dihydro-1-{trans 
4-[ l-ethoxycarbo ny1-4-pip eridinylamino] - 1 -cyclohexyl} - 
2H-benzimidazol-2-one in 20 mL of 6N HCl was heated to 
re?ux for 12 h, cooled and basi?ed with 6N NaOH. The 
basic mixture was extracted with 2X50 mL portions of 
chloroform. The combined organic extracts were dried over 
MgSO4 and concentrated under reduced pressure. After 
drying overnight under vacuum, there was obtained 0.51 g 
of 1,3-dihydro-l-{trans-4-[4-piperidinylamino]-1 
cyclohexyl}-2H-benzimidaZol-2-0ne as a white solid: 1H 
NMR (400 MHZ, CDCla) 7.33 (In, 1H), 7.11 (m, 1H), 7.04 
(In, 2H), 4.37 (In, 1H), 3.16 (In, 3H), 2.61-2.52 (m, 5H), 2.0 
(d, 2H), 1.86 (d, 2H), 1.64 (m, 4H), 1.3 (m, 211). 

Step 3: To a stirred solution of 0.050 g of IJ-dihydro-l 
{trans-4-[4-piperidinylamino]-1-cyclohexyl}-2H 
benzimidazol-Z-one and 0.023 mL of triethylamine in 1.5mL 
of dichloromethane was added 0.024 g of nicotinoyl chlo 
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ride hydrochloride. After 12 h, 20 mL of saturated sodium 
carbonate was added, the organic layer was separated, and 
the aqueous layer extracted with two additional 20 mL 
portions of chloroform. The combined organic extracts dried 
over MgSO4 and concentrated under reduced pressure. 
Chromatography over silica gel eluting with 10% methanol! 
10% conc. NH4OH in chloroform gave 0.024 g of 1,3 
dihydro-1-{trans-4-[1-(3-pyridinecarbonyl)-4 
piperidinylamino]-1-cyclohexyl}-2H-benzimidaz0l-2-one 
as a white solid: 1H NMR (400 MHZ, CDCl3) 9.04 (s, 1H), 
8.68 (dd, 2H), 7.77 (m, 1H), 7.38 (In, 1H), 7.26 (m, 1H), 
7.06 (m, 3H). 4.67 (br s, 1H), 3.75 (br s, 1H), 3.18 (br s, 2H), 
2.99 (br s, 1H), 2.87 (br s, 1H), 2.55 (q, 2H), 2.13-l.9 (m, 
4 H), 1.72—1.3 (m, 7H). The dihydrochloride salt was 
precipitated from chloroform/ethyl acetate: Analysis calcu 
lated for C24H29N5O2.2HCl.0.90 CHCl3.0.25 
CH3CO2CH2CH3 C: 50.02, H: 5.95, N: 11.26 found C: 
51.28, H: 5.49, N: 11.53. 

EXAMPLE 14 

1,3 -Dihydro- l-{ 1 -[trans -4- (3 -pyridin ecarbonylamin o) 
cyclohexyl]piperidin-4-yl}-2H-benzimidazol-2-one and 
l,3-Dihydro-1-{1-[cis-4-(3-pyridinecarbonylamino) 
cyclohexyl]piperidin-4—yl}-2H-benzimidazol-2-one 

Step 1: A mixture of trans-4-arninocyclohexanol hydro 
chloride (3.0 g), saturated aqueous Na._,CO3 (24 mL) and 
water (40 mL) was adjusted to pH 11.5 with 1N aqueous 
NaOH, and di-tert-butyldicarbonate (4.75 g) in tetrahydro 
furan (30 mL) was added dropwise. The resulting mixture 
was stirred at room temperature for 3 h, then extracted with 
ethyl acetate (2x90 mL). The combined organic extracts 
were dried over MgSO4 and concentrated under reduced 
pressure. Drying under vacuum gave the desired product, 
N-tert-butyloxycarbonyl-tIans-4-aminocyclohexanol (4.2 g) 
as a colorless solid. 

Step 2: To a stirred solution of oxalyl chloride (0.83 g) in 
dry dichloromethane (15 mL) at —60° C. was added dim 
ethylsulfoxide (1.0 mL) in dichloromethane (3 mL) drop 
wise. The reaction mixture was stirred at —-60° C. for 10 min, 
then N-tert-butyloxycarbonyl-trans-4-aminocyclohexanol 
(1.28 g) in dichloromethane (70 mL) was added over 15 min. 
The resulting mixture was stirred at —60° C. for a fm'ther 15 
min, then triethylamine (4.2 mL) was added and the solution 
was allowed to warm to room temperature. The mixture was 
washed with water (20 mL) and this aqueous layer was 
extracted once with dichloromethane (20 mL). The com 
bined organic extracts were dried over MgSO4 and concen 
trated under reduced pressure. Drying under vacuum gave 
N-tert-butyloxycarbonyl-4-aminocyclohexanone (1.25 g) as 
a colorless solid. 

Step 3: A mixture of N-tert-butyloxycarbonyl-4 
aminocyclohexanone (1.32 g), 4-(2-keto-1 
benzimidazolinyl)piperidine (1.48 g), sodium triacetoxy 
borohydride (1.97 g), acetic acid (0.35 mL), 1,2 
dichloroethane (50 mL) and tetrahydrofuran (60 mL) was 
stirred at room temperature for 3 days. Saturated aqueous 
Na2CO3 (30 mL) and H20 (30 mL) were added and the 
mixture was extracted with dichloromethane (2x100 mL). 
The combined organic extracts were concentrated to dryness 
under reduced pressure. Column chromatography on silica 
gel, eluting with dichloromethane-10% methanol-1% 
NH4OH gave a mixture of the expected product isomers: 
1,3-dihydro-1-{ 1-[trans-4-(tert-butyloxycarbonylamino) 
cyclohexyl]piperidin-4-yl}-2H-benzimidazol-2-one and 
1,3-dihydro-1-{ l- [cis-4-(tert-butyloxycarbonylamino) 
cyclohexyl]piperidin-4-yl}-2H-benzimidazol-2-one as a 
colorless solid (1.9 g). 
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Step 4: The mixture of cis and trans isomers isolated in 

Step 3 (0.85 g) was stirred in ethyl acetate (100 mL) at 0° 
C. and gaseous HCl was bubbled in until the mixture was 
saturated with the acid. Stirring was continued for 20 min, 
then the reaction mixture was concentrated in vacuo. The 
residue was dissolved in chloroform, washed with saturated 
aqueous Na2CO3, and the organic layer was dried over 
MgSO4 and evaporated under reduced pressure. The residue 
was a crude sample of the two isomers: 13-dihydro-1-{1 
[trans-4-aminocyclohexyl]piperidin-4-yl}-2H 
benzirnidazol-2-one and 1,3-dihydro-1-{1-[cis-4 
aminocyclohexyllpiperidin-4-yl}-2H-benzimidazol-2-one 
(ratioz4z1 from 1H NMR spectrum) (0.40 g). 

Step 5: To the mixture of cis and trans isomers isolated in 
Step 4 (90 mg) was added tetrahydrofuran (3 mL), dimeth 
ylformamide (2 mL), triethylarnine (0. 12 mL) and nicotinoyl 
chloride hydrochloride (76 mg). The reaction mixture was 
stirred at room temperature for 18 h then concentrated to 
dryness under reduced pressure. Preparative thin layer chro 
matography on silica gel, eluting with dichloromethane-10% 
methanol-1% NH4OH gave the desired product, 1,3 
dihydro- 1-{ 1 -[trans-4-(3-pyridinecarbonylamino) 
cyclohexyl]piperidin-4-yl}-2H-benzimidazol-2-one (72 
mg): 1H NMR (400 MHz, CDCl3/CD3OD) 8.99 (m, 1H), 
8.65 (d, J=5 Hz, 1H), 8.23 (d, i=8 Hz, 1H), 7.47 (dd, J=8,5 
Hz, 1H), 7.42 (m, 1H), 7.07 (m, 3H), 4.35 (br m, 1H), 3.92 
(tt, J=11,4 Hz, 1H), 3.13 (d, J=7 Hz, 2H), 2.51 (m, 5H), 2.16 
(d, J=12 Hz, 2H), 2.05 (d, J=12 Hz, 2H), 1.85 (br m, 2H), 
1.49 (m, 4H). HPLC purity (214 nm)=99%. The dihydro 
chloride salt was recrystallized from ethanol/chloroform; 
analysis calculated for C24H29N 5O2.2HC1.0.35 C2H6O.0.20 
CHCIB: C56. 17, H:6.30, N: 13.15, found: C:56.36, H:6.l8, 
N: 13.14. 

Also obtained was the cis isomer, 1,3-dihydro-1-{1-[cis 
4-(3-pyridinecarbonylamino)cyclohexyl]piperidin-4-yl} 
2H-benzimidazol-2-one (13 mg): 1H NMR (400 MHz, 
CDCl3/CD3OD) 8.99 (In. 1H), 8.67 (d, J=5 Hz, 1H), 8.22 (d, 
J=8 Hz, 1H), 7.47 (dd, J=8,5 Hz, 1H), 7.36 (brm, 1H), 7.08 
(m, 3H), 4.34 (tt, J=12_.4 Hz, 1H), 4.25 (br m, 1H), 3.30 (d, 
J=l1 Hz, 2H), 2.60-2.35 (br In, 5H), 2.03 (br m, 2H), 1.88 
(br m, 4H), 1.73 (br m, 4H). HPLC purity (214 nm)=98%. 
FABMS 420 (MH‘). 

EXAMPLE 15 

1 ,3-dihydro- 1-{1-[l-(6-ch1oro-2-pyrazinecarbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-0ne 
From 1,3-dihydro-1-{1-[l-piperidin-4-yl]piperidin-4-yl} 

2H-benzimidazol-2-one dihydrochloride salt and 6-chloro 
2-pyrazinoic acid using the procedure described for 
Example 3, there was obtained 1,3-dihydro-1-{1-[1-(6 
chloro-2-pyrazinecarbonyl)piperidin-4-yl]piperidin-4-yl} 
2H-benzimidazol-2-one as a white solid: 1H NMR (400 
MHZ, CDCl3) 9.58 (s, 1H). 8.82 (m, 2H), 8.66 (s, 1H), 7.31 
(m, 1H), 7.08 (m, 3H), 4.79 (s, 1H), 4.01 (d, 1H), 3.1 (m, 
4H), 2.88 (t, 1H), 2.74 (s, 1H), 2.5 (m, 4H), 2.1-1.87 (m, 
4H), 1.7 (m, 2H). The dihydrochloride salt was precipitated 
from ethanol/chloroform: Analysis calculated for 
C22H25ClN6O2.0.55 CHCl3.0.85 CH3CH2OH: C: 47.08, H: 
5.32, N: 13.58 found C: 47.05, H: 5.35, N: 13.57. 

EXAMPLE 16 

l ,3-dihydro- 1-{ l-[1-(6-methoxy-2-pyrazinecarbonyl) 
piperidin-4-yl]piperidin-4-yl}-2H-benzimidazol-2-one 
From 1,3-dihydro-l~{1-[1-piperidin-4~yl]piperidin-4-yl} 

2H-benzimidazol-2-one dihydrochloride salt and 
6-methoxy-2-pyrazinoic acid using the procedure described 


































